
.Formation of_Positive -photographic .Proofs. 187 

example of the Davy-lamp--a far more perfect invention--before his 
eyes. We are told nothing of a forced draft in Mr. Dewranee's ex- 
.periments, and from the nature of those conducted by Mr. Williams 
it is simply impossible that the flame could enter the tube he used. 
In the case of a locomotive burning coal, or even a gaseous coke, ther~ 
is no doubt whatever that, with a powerful blast, fly, me does traverse 
the tubes in whole or in part of their length; the distance depen,ling 
on their diameter and the force of the draft. As a datum from whiell 
deductions may he drawn, we may state that flame--true bright fi~me 
--will traverse a tube 2~: ins. diameter, 6 feet long, at each stroke of 
the piston, and we feel very little doubt that in coal-burning en- 
.gines the tube surface invariably possesses a higher economic value 
m proportion to the fire-box than when coke is burned. We said there 
was a fourth purpose which the tube flue might fulfil; and it is involv- 
ed in permitting the combustion of gas and the conequent production 
of flame, t ogo  on within it. Certainly, it is somewhat remarkable 
that, while Mr. Williams could not make water boil by means of air 
heated to 800 ° , steam of half the same temperature will, if conveyed 
through a worm, cause water to boil freely in an open vessel. I t  is 
known that locomotives with long flues of small diameter are unable 
to make steam without a tremendous blast. The cause has been soughf; 
in the friction of the air against the sides of the pipes. Doubtless, 
there is a certain amount of truth in this, but not all the truth. Flame 
will not enter a very small tube very far, except under strong compul- 
sion, and there is little doubt that in such cases the value of the tube 
surface falls off so much in consequence of the absence of flame within 
them, that the evaporative powers of the 5oilers suffer considerably. 
A great number of small tubes are never so efficient individually as a 
smaller number of large ones. As to the relative durability, absence 
of priming, and efficacy, the over-flued boiler will bear no comparison 
with its rival. 

The first great purpose of a flue is the conveyance of the products 
of combustion to the smoke box. The concluding sentences of the 
last paragraph state nearly all that can be said on this branch of the 
subject. The proportion which the calorimeter of a boiler--in other 
words, the area of its flues or tubes--should bear to the area of grate 
bar, is a question of considerable importance. In the case of the loco- 
motive, it is intimately connected with the position of the blast pipe, 
its area, and the mode in which it is fitted. In the marine boiler the 
ctlhic contents of the furnace, the power of the draft, the quantity of 
the coals, &c., all exercise a considerable influence. We purpose re- 
turning to this branch of the subject at another time. 

Theoretical and Practical Researches on the Formation of Positive Photo- 
graphic Proofs. :By MM. D,~VA~NE and GZ~tAaD. 

~'rom the London Chemical News, No. 232. 

Photographic images, especially those known as positive proofs, are 
the result of remarkable transformations, which might, unless properly 
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~tudied, be considered anomalies. In each new operation the color, 
dearness, intensity, and solidity of the result may be very consider- 
ably varied, without the cause of tlle variations being apparent. These 
hitherto unexplained transformations may, nevertheless, be classed 
with ordinary chemical reactions. This is what we have endeavored 
to prove by a series of researches extending over six years. 

To produce a positive proof the photographer takes a sheet of paper, 
covered with a sizing of albumen, gelatine, or starch, impregnates it 
with a soluble chloride, and then submits it to the sensitive action of 
a sohttioa of silver. The image is then ready for insolation ; placed 
under a negative plate it re-produces inversely the most delicate de- 
tails. At  this moment it is very brilliant, but will fade if not fixed by 
re-agents, which dissolve on the unaeted salts ; and its coloration would 
be confined to the red tints given by contact with the fixers were it 
not finally submitted to the action of the coloring liquids called toning 
agents. 

These successive operations require all the attention of the chemist; 
we have followed them step by step, and each has revealed to us some 
new facts, of which we will give a succinct r~sum~. 

On _Paper.--It is a fact well known to photographers that proofs 
prepared under the same conditions, but on papers of different origin, 
produce tones varying extremely. The cause of these variations arise 
from the influence exercised by the sizing of the photographic papers. 
A proof on unsized paper when taken from the fixing bath is always 
grey and fiat ; while on gelatinized, albuminized~ or starched paper, it 
always has a red brilliant tone, increasing in vigor with the abund- 
ance of the sizing. In this ease a combination takes place between 
the sizing and the silver compounds, and this combination, a true lake 
color, manifests its influence towards the finishing of the proofi The 
fact may easily be directly demonstrated: a mixture of chloride and 
nitrate of silver.long exposed to the light, then heated with hyposul- 
phite of soda, leaves as residue a grey metallic powder ; while the same 
mixture, with the addition of gelatine, albumen, or starch, gives, under 
the same circumstances, a matter which gradually dries under the 
form of a brilliant red varnish, and which is found, on analysis, to con- 
tain carbon, hydrogen, and nitrogen. This argento-organic lake plays 
a considerable part in obtaining a photographic image; we shall have 
fresh occasion to appreciate its importance when investigating the 
causes of the alteration of the proofs. 

The 8alting.--The first operation which the paper undergoes is the 
imbibition of a soluble chloride ; for this purpose chloride of sodium is 
usually employed, hut certain authors recommend various other metal- 
lie chlorides, attributing special qualities to them. We have shown 
that the differences in action of these chlorides are more apparent than 
real ; they are always to be ascribed to the varying excess of acid with 
which the salts are impregnated. With any chloride very various co- 
loring may be obtained ; mixed with an excess of acid or alkali, this 
chloride will always give a redder tinge than if employed in a neutral 
l~tate; tho natural explanation of this result is to be found in the nor- 
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real action of acids and alkalies on the organic matters employed for 
sizing. 

On, .Rendering Sensitive.--Chlorlnated and dried, the paper is then 
placed on a bath of nitrate of silver ; three things thus result from this 
and the sensitive surface on coming from this bath is formed of chlo- 
ride of silver, of a combination of gelatine, albumen, or starch, with 
nitrate of silver; and, lastly, of an excess of free nitrate of silver. 
The presence of these three substances is indispensable to the produc- 
tion of a good proof; chloride of silver alone gives but a dull and su- 
perficial image, but it produces the image rapidly; nitrate in excess 
gives the necessary depth of this image, and the argentieo-organie 
lake gives it the characteristic red color. The sensltivizing bath may 
vary in richness, and we have carefully studied the effect of these va- 
riations ; it may be neutral acid or alkaline ; in the two latter cases tile 
effect is the same as if the acid or alkali had been added to the chlo- 
ride bath. 

On Insolation.--To determine the effect of light on the sensitive 
surface, the composition of which we have given, is certainly, from 
theoretical point of view, the most important part of our researches. 
I t  is universally admitted that chloride of silver exposed to the solar 
rays undergoes decomposition and disengages part of its chlorine ; but 
the question is really much more complex than at first appears, and. 
it is necessary to ascertain not only what becomes of the chloride, but 
also what becomes of the argentico-organic combination of free nitre. 

First as to the chloride. I t  has long been thought that light reduced 
this body to the state of sub-chloride Ag2C1. We have shown that such. 
is not the case, and we stated that the decomposed chloride sep~rates 
entirely as chlorine and metallic silver. We have established this, the 
principal point, by first proving that the product of the action of light 
on chloride of silver is soluable in hot nitric acid, while the essential 
property of sub-chloride Ag2Cl is its insolubility in this re-agent, an4 
that this product, freed by hyposulphite of soda from the unredueed 
chloride of silver, contains no trace of chlorine. 

I t  has certainly been objected to this last proof that hyposulphltc 
of soda used as a fixing agent might have decomposed the sub-chlo- 
ride Ag~C1 into the chloride AgCl, which would there dissolve into 
metallic silver ; but the only good experiment cited in support of this 
hypothesis is the change in the color of the insolated proof when placed 
in contact with the fixing agent. ~Now, we have ascertained that this 
change of color is due to quite another cause, to a hydratation of the 
argentico-organic lake, and that this result is to be obtained by simply 
exposing the proof to the vapors of boiling water. Chloride of silver, 
then, is transformed by the action of light into chlorine and metallic 
silver. 

I t  is the disengagement of chlorine from this decomposition which. 
makes nitrate, of silver play so important a part in positive photogra- 
phy. Thus, as we have already observed, a proof obtained with chlo- 
ride of silver only is always tame and effective ; in presence of excess 
of nitrate, on the contrary, it acquires great brilliancy. This result 
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is easily explained; in fact, the action of light on a uniform surface 
of chloride of silver is soon limited by the opaque layer produced by 
the supmficial reduction of the argentie compound ; but if this com- 
pound is mixed with free nitrate &silver then, beside the portions re- 
duced, and under tile influence of the chlorine, they disengage, there 
are formed new quantities of chloride, which may then be attacked by 
light, because before this, in the state of nitvt~te, these portions occupied 
a particular place, and the reduced silver did not hitherto recover them ; 
so that instead of a dull image several excessive layers are formed, 
~vllieh give to the design tile required depth. 

At tile same time that the chloride of silver is reduced to a meta.llic 
state the argentico-organie combination is also reduced, forming a sort 
of insoluble lake, which, hydrating by contact with alkaline fixers, 
communicates a very pronounced red coloring to the proof. 

The applications of these fixers is the second phase in the manipu- 
lations recluired in positive photography.--Comptes-Rendtts, lviii., 63:L 

.Description of a New Barometer. 
From the Journal of the Society of Arts, No. 593. 

This barometer consists of a column of mercury placed in a glass 
tube hermetically sealed at the top, and perfectly open at the bottom. 
The lower half of the tube is of larger bore than the upper. I f  a col- 
umn of mercury, of exactly the length which the atmosphere, at the 
g~ven time, is capable of supporting, were placed in a tube of glass, 
hermetically sealed at the top, of equal bore from end to end, the mer- 
cury would be held in suspense; but immediately the pressure of the 
atmosphere increased, the mercury would rise towards the top of the 
tube, and remain there till, oil the pressure decreasing, it would fall 
towards the bottom, and the portion which the atmosphere was unable 
to support would drop out. If, however, the lower half of the tube be 
made a little larger in the bore than the upper, then, when the column 
falls, the upper portion passes out of the smaller part of the tube into 
the larger, and, owing to the greater capacity of the latter, the lower 
end of the column of mercury does not sink to the same extent as the 
upper end, and tile column, as a matter of course, becomes shorter. 
This falling will continue until the column is reduced to that length 
~vhich the atmosphere is capable of supporting, and the scale attae}led 
thus registers this fall, or what is ordinarily termed the height of the 
barometer. I~'rom the above description it will be evident that, by 
merely varying the proportions in tile sizes of the two parts of the 
tube a scale of any length can be obtained. ]~or example, if the tubes 
are very nearly the same size in bore, the column has to pass through 
a great distance before the necessary compensation takes place, and 
a very long scale may thus be obtained, say ten inches for every one 
inch rise and fall in the ordinary barometer. But if the lower tube 
is made much longer than the upper, the mercury passing into it 
quickly compensates, and a small scale, say from two to three inches 
for every inch, is obtained. To ascertain how many inches this rise 


